A case of intoxication from the oral hypoglycemic drug mefformin is presented. A number of published liquid chromatographic methods were combined to enable a simplified analysis of metformin in both antemortem and postmortem specimens. The method involved direct injection of a protein-free filtrate into the liquid chromatograph. acid or acetonitrile and/or solid-phase extraction. Some methods have employed a precolumn derivatization with p-nitrobenzoyl chloride or tetrabutylarnmonium hydroxide. Analytical separation has been achieved using either a cation exchange or a reverse phase column. Wavelengths of detection have usually been 230-240 nm.
Introduction
Metformin is a biguanide drug used as an oral hypoglycemic agent. It was approved for use in the United States as a treatment of type II diabetes mellitus in 1995. Metformin lowers blood glucose in a number of ways: (1) by decreasing hepatic glucose output, (2) by increasing peripheral glucose utilization, (3) by decreasing fatty acid oxidation, and (4) by increasing glucose turnover. Specifically, it suppresses gluconeogenesis in the liver by potentiating the effects of insulin and by reducing the hepatic extraction of certain substrates such as lactate, as well as by opposing the effects of glucagon. As a result, the presence of insulin is required for drug efficacy (1) .
A number of methods have been published for the analysis of metformin in clinical specimens. Freedman et al. (2) published a colorimetric method for the structurally similar biguanide drug phenformin using an alpha-naphthol-diacetyl color reagent. A gas chromatographic-nitrogen phosphorus detection (GC-NPD) method using p-nitrobenzoyl chloride as the derivatizing reagent has also been developed (3) . The most common technique used for the analysis of metformin is high-performance liquid chromatography (HPLC) (4) (5) (6) (7) (8) (9) (10) (11) . Specimen preparation has utilized protein precipitation with trichloroacetic
Case History
The decedent is a 48-year-old African-American male who had been depressed for several months because of marital problems and an imminent separation from his wife. He had made several previous suicide attempts. His past medical history was significant for type II diabetes for which he had been prescribed the oral hypoglycemic agents metformin, glipizide, and pioglitazone. This was complicated by hypertension, which was being treated with the antihypertensives lisinopril and atenolol, as well as an oral hyperlipidemic agent (simvastatin). Additionally, an antiplatelet agent (clopidogrel) had been prescribed for a previous myocardial infarction (MI), and he had been placed on fluoxetine for depression. At approximately 2200 h on the evening of Day #1, police responded to a call of"a suicide in progress". Upon arrival at the scene, the wife of the decedent told the ofricers that the decedent had taken a large quantity of pills with a large amount of alcohol, had cut his wrists, and had locked himself in the house. Officers observed him through the front window further cutting his wrists and starting to cut his throat. They forced the door open at which time the decedent charged the officers with the razor in his hand. When he failed to submit to arrest, he was subdued with "pepper balls" until he became compliant. He was then transported to the regional hospital at 2315 h. A "finger-stick" blood glucose performed by the ambu-lance crew was 183 mg/dL. At the hospital (0230 h on Day #2), a "finger-stick" blood glucose was 106 mg/dL. As a result of this decreasing value and the history of possibly taking an overdose of multiple oral hypoglycemics, the decedent was started on intravenous (IV) glucose supplementation. Additionally, blood gases and electrolytes drawn on admission were significant for an anion gap of 19 and arterial pH 7.07, consistent with metabolic acidosis. The blood alcohol content was 41 mg/dL. By 0700 h of Day #2, the anion gap had increased to 24 and the arterial pH had decreased to 6.8. His blood glucose was 258 mg/dL because of continued IV supplementation. On the evening of Day #2, his status deteriorated to a coma at which time he was put on respiratory support and dialysis. At 0845 h on Day #3, he "coded" and was pronounced dead at 1050 h.
The autopsy was performed at the OCME on the morning of Day #4. Significant findings included multiple pepper-spray ball wounds consisting of circular abrasions and contusions to both sides of the upper back, nine superficial, scratch-like cutting wounds to the left wrist, two superficial scratch-like cutting wounds to the right wrist, and acute bronchopneumonia with hyaline membrane formation associated with ventilator dependency. Hospital and postmortem specimens were sent to the toxicology laboratory for analysis.
Experimental Standards
Metformin and phenformin were purchased from Sigma Chemical Co. (St. Louis, MO), and 50-mg/L solutions in water were prepared. Phenformin served as the internal standard in the metformin analysis.
Metformin analysis
To 1 mL calibrator, control, and case fluid or homogenate (1 part tissue and 4 parts water), were added 100 pL of internal standard solution and I mL of acetonitrile. After vortex mixing each tube for 30 s, the tubes were centrifuged at 3500 rpm for 10 min, 800 pL of the clear supernatant was transferred to appropriately labeled HPLC injection vials, and 10 IlL was injected into the HPLC. Metformin was quantitated using the area ratio of metformin to phenformin in case specimens in comparison to fortified matrix-based specimens at concentrations of 2.5, 5.0, and 10 mg/L. Appropriate dilutions of the case specimens were prepared to ensure quantitation within the standard curve.
Instrumentation
Metformin analysis was performed using a Waters 501 HPLC pump, a 490 E programmable multiwavelength detector, a Waters 715 Ultra WISP autosampler, and a Hewlett-Packard 3396 integrator. Analytical separation was achieved using a Phenomenex "Prodigy 51J" C-18 reversed-phase HPLC column (150 mm x 4.6-ram i.d., 5-1Jm particle size). The column was maintained at 30~ The wavelength of detection was 236 nm. The mobile phase was 20:80 acetonitrile/0.0]M potassium phosphate, monobasic (KH2PO 4) buffer (pH 7.0), ensuring the pH by adjusting with 8M NaOH if necessary. The flow rate was 1 mL/min. Under these conditions, the retention time of metformin was 6.3 rain, and the retention time of the internal standard was 8.4 min. Table I lists the performance characteristics of the metformin assay. Table II lists the drugs tested and found not to interfere with the metformin assay.
Results and Discussion
All postmortem blood specimens were collected in specimen cups. Postmortem heart blood and bile were tested for volatiles and therapeutic and abused drugs. This included volatile testing for methanol, ethanol, acetone, and isopropanol by headspace GC; acid/neutral drug testing by GC-NPD; alkaline drug testing by GC-NPD; morphine by radioimmunoassay; and acetaminophen, ethchlorvynol, and salicylate by color test. No ethanol or other volatile substances were detected in either specimen. The bile was positive for lidocaine, morphine, and midazolam; no drugs were detected in the postmortem blood. Because the case history suggested an intoxication from drugs not routinely included in this laboratory's testing, special testing was performed on the Day #1 hospital blood. Specifically, the blood was tested by a reference laboratory for atenoiol and for Two previously published studies indicate a peak serum metformin concentration as high as 4.0 mg/L may be reached folIowiag the oral administration of a 1500-rag dose of metformin (12, 13) . In two cases of metformin intoxication, plasma concentrations of 110 and 85 mg/L were reported (14, 15) . Both individuals developed a lactic acidosis, a major toxic effect of the drug, especially with compromised hepatic or renal function. In the presented case, the Day #1 hospital serum concentration was above these concentrations and approximately two orders of magnitude above concentrations seen with therapeutic use. Moreover, the patient demonstrated a metabolic acidosis that is consistent with mefformin intoxication. As a result, the medical examiner concluded that the cause of death in this case was metformin intoxication, and the manner of death was suicide.
The reported elimination half-life of metformin is 4-8 h (15). The serial serum samples from the hospital indicated a longer elimination half-life. Because metformin is not metabolized, the possibility of enzymatic saturation is not an issue. It is likely that the mechanism of excretion was overloaded, leading to the increased half-life. One other interesting finding was that the postmortem blood metformin concentration was higher than the last two antemortem serum concentrations. There are several possible explanations for this observation. Postmortem redistribution of drugs is a well-documented phenomenon, especially because metformin is a basic drug with a volume of distribution of 3.7 L/kg (15) . However, the virtually identical concentration of metformin in the postmortem heart and subclavian blood would counter this hypothesis. A second possibility is that although metformin is not bound to plasma proteins (15) , it may bind to the red blood cells. Finally, the hospital serum was collected in serum separator tubes (SST). It is a well-recognized phenomenon that many drugs become trapped in the SST gel, thus significantly reducing their concentration in serum versus whole blood (16) .
One other unique feature of the postmortem distribution of metformin in this case was the high concentration of the drug in the kidney relative to the amount in the liver. This probably is not surprising given the fact that the drug is cleared primarily through the kidney.
